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. Abstract:Observationsof thevelocity,salinity,waterdepthsandtidesin thesouthernregionof
theCananéiaSeaweresampledatananchoredstationduringtwocompletetidalcycles.The
measurementsweremadeduringspringtideson5-6December,1991.The observednon-tidal
currentprofilefor thisweaklystratifiedtidalchannelis foundtobein closeagreementwiththe
resultsof a simplesteadystateunidimensional
.
nalyticalmodelof a well-lDIXedestuary.This
comparisonindicatesthattheprimarydrivingmechanismsarethelongitudinalsalinitygradient
andthefreshwaterdischarge.Thecontributiontotheadvectivesalttransportisdominatedbythe
freshwaterdischargethroughthedown-streamnon-tidalflowandtheup-streamdispersiveterm
duetoStokeswavetransportoThisdispersivetermisalmostoneorderofmagnitudesmallerthan
thedown-streamnon-tidaltransportinducedbythefreshwaterdischarge.Tidalcorrelation,acting
asacounter-dispersionterm,andthesteadysheardispersiontermaretwoordersof magnitude
smallerthanthedown-streamsalttransportoTheremainingdispersiveterms,whicharedependent
onthedeviationsfromthemeandepth,aresmallerthaneitlierof thesetermsbyoneorderof
magnitude.ThecomputedtotalsalttransportPC
.
. r unitwidthofasectionperpendiculartothemean
flowwasincloseagreement(within12%) withthesumoftheindividualadvectiveanddispersive
terms.Ontheassumptionthatthetidalchannelsampledislaterallyhomogeneous,animoalance
of thesaltbudgetacrossthesectionwasobserved.
. Resumo:Observaçõesdevelocidade,desalinidade,deprofundidadedemarénaregiãosuldo
MardeCananéiaforamrealizadasnumaestaçãofixadurantedoiscicloscompletosdemaré.Essas
medidasforamfeitasdurantemarédesizígia,noperíodode5a6dedezembrode1991.A exame
comparativodoperfIlestacionáriodevelocidadedessesistemafracamenteestratificado,indicou
boaconcordâncIacomosresultadosdeummodeloanalíticounidimensionaldeumestuárioideal
verticalmentehomogêneo.Dessacomparação,foi possívelconcluirqueas principaisforças
geradorasdessemOVImentosãoogradientelongitudinaldedensidadeadescargadeáguadoce.
A contribuiçãoparao transporteadvectivodesalédominadopeladescargatotaldeáptadocee
pelotermodispersivo,geraoopelapropagaçãodaondademarénocanalestuarino(transporte
oeStokes).Essetermodispersivoéquaseumaordemdegrandezamenordoqueotermoassociado
àdescargaestacionáriadeáguadoce.Otermodecorrelaçãodamaré,queatuanosentidocontrário
aostermosdispersivoseotermodispersivogeradopelocisalhamentodacirculaçãogravitacional,
sãocercadeduasordensdegrandezamenoresdoqueaparcelaadvectivaestacionáriaqueatua
estuárioabaixo.Ostermosdispersivosremanescentesequedependemdaamplitudedamaré,são
umaordemdegrandezamenoresdoqueo valorestimadoparao termogeradopelacirculação
gravitacional.O transportetotaldesal,porunidadedelarguradaseçãotransversal,integrado
airetamenteé concoroantecomo valorobtidopelasomatóriadetodosostermosadvectIvose
dispersivos,comumdesvioinferiora 12%. Na hipótesedequeo canalestuarinoamostradoé
lateralmentehomogêneo,bservou-sequeotransportedesalnãoestavaembalanço.
. Descriptors:Estuaries,Salttransport,Saltbalance,Advection, Dispersion,Non-tidalprofiles,
Expenmentalnd theoreticalreswts.
. Descritores:Estuários,Transportede sal,Balançodesal, Advecção,Dispersão,Perfil
estacionário,Resultadosteóricoseexperimentais.
Introduction withinwhichseawateris measurablydilutedwithfresh
waterderivedfromlanddrainage(Pritchard,1967).This
definitionimpliesthatthesaltmaybe usedasa natural
tracerfor estuarinewaters.Its fluxandtransportdueto
advectionandturbulentdiffusionmaybeuscdtopredict
themainphysicalmechanismsrcsponsibleforthetransport
ofothersolublcconservativesubstances.
An estuaryisdefinedasa scmi-enclosedcoastalbody
ofwaterwhichhasafreeconnectionwiththeopenseaand
Contr.no. 801do Inst.oceanogr.da Usp.
124 Rev.bras.oceanogr.,44(2),1996
Thc freshwaterdischargcand the barotropicand whichisacomplexshallowwatercntrance,theIcaparaBar
baroclinic omponentsof thegradientpressureforcedue whichis thenorthernmouthof thesystemanda choked
totidesandthelongitudinalsalinity(density),respectively, openingatArarapiratothesouth.
are the main forcing mechanismswhich drive the TheCananéiaScaisabranchof thesouthernentrance
circulationandprovidetheturbulentenergyforthemixing oftheestuarinesystem.It isashallowweaklystratifiedtidal
processinatidalchannel. channeldrivenbysemi-diurnaltides(Miyao,1977;Miyao
At thesimplestleveI,anestuaryoratidalchannclmay etai.1986andMiyao& Harari,1989).Thisregionhasbeen
beconsideredasa"blackbox"whichpumpssaltupstream classifiedas a weaklypartiallymixed(Type2a) estuary
againsthemcanriverflow(Hunkins,1981).Amongthe (Mirandaetai.1995;Bonettifilho, 1995)anddueto the
processesthat producemixing,longitudinalturbulent smallratioof tidalamplitude/meanwaterdepthit is an
diffusionplaysonlyaminorpart,andtheoveralllandward ebb-dominantsystem.Theinfluenceofthewindstressover
. mixingis bettertermeddispersionratherthandiffusion thewaterbodyis of minorimportanceas regardsthe
(Fischer, 1976;Hunkins,op. cit.). Consequently,the stationarycirculation,asdemonstratedbyMiranda(1990)
circulationcomponentduetotheriverdischargedrivesthe basedon simulationsof the stationaryverticalvelocity
advectiveseawardsalt transportand the dispersion profileswithabidimensionalnalyticalmodel.
producedprimarilyby theeffectsof tides,gravitational The dataanalysedin thispaperweresampledat the
circulationandwindsis responsiblefor thelandwardsalt springtideduringtwotidalcydes(25h)on5-6December,
transport. . 1991.Its objectiveisto investigatethemaindrivingforces
The Lagoon-EstuarySystemof Cananéia-Iguapeisa of thenon-tidalcirculationandtocalculatetheadvective
75 km long complexcoastalplain estuarinesystcm, anddispersivecontributorsto thesalttransportoThesalt
composcdof severalchannclsbetweenthe Cananéia, transportis computed per unit width of a section
CardosoandCompridaIslandsin thesouthernregionof perpendicularto thechannclpassingthroughthe fixed
theSãoPauloState(Fig.1).Thissystemhasthrecopenings stationF, locatednearthemouthof themainentranceof
to thesea:themainmouthnamedBarra de Cananéia theCananéiaSea(fig.1).
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Fig. 1. Southernregionof theCananéia-IguapeLagoon-Estuarinesystem.Observationswere
madeat stationF, northeastof Pontado Arrozal.
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Current andsalinityobservations
Hydrographicproperties,currentprofilesandwater
depthweresamplcdduringthreetidal cydes at one
anchoredstation located NE of Ponta do Arrozal,
approximatcIyin the middleof the channel(Fig. 1).
Simultaneouslythetidalheightwasrecordedonastandard
tidegaugeA. OTT modcI,instaJledattheCananéiaFicId
ResearchStationof theOceanographicInstituteof the
UniversityofSãoPaulo(Fig.1).Measurementsweremade
atapproximatcIyhourIyintervalsandacompletedataset
downthewatercolumnwasobtainedin 20-30minutes.
FolIowingthe standardprocedure,the alongchannel
vcIocitycomponent(v-component)andthesalinityprofiles
werecombinedintoanalmostsimultaneoussetof hourIy
measurements.TheOyaxisfor computationof thealong
channelcomponentwasorientednorthward,andadetaiIcd
descriptionof theequipment,datacolIectionand'edition
wasdrawnupbyMirandaetaI.(1995).
Thesamplingdepthof eachmeasurcmentwasfurthcr
reducedtothenon-dimensionaldepth[Z=zih(t)],taking
intoaccounthelocalwaterdepth[h(t)],to minimizethe
samplingwaterdepthvariationsduringthe tidal cycIe
(Kjerfve,1975).Downthewatercolumn,themeasurements
wereinterpolatedfromsurfacetobottomindepthintervals
of Z/10.In thenumericalintegrationthesurfaceandthe
bottomvalueswereassignedone-halfof theweightof the
others,whenintegratedoverdepth.In thetimesequence,
twotidalcydeswereconsidered(25h)andtothefirstand
thelastvaluesof thetimeserieswereassignedone-halfof
theweightof theothers,whennumericalintegrationwas
madeovertime.
Non-tidalcurrentandsalinityprofiles
Profiles of the non-tidal currents and the
correspondingsalinityresultsaccordingtoMirandaeta/o
(1995)areshowninFigure2a,b. Thesteady-stateprofile
of the along channelcomponent,<v> indicatesan
almostnetseawardflowandaweakflowreversenearthe
bottom,whichistypicalforaweaklystratifiedestuary.The
weakresidualseawardcurrentis estimatedat Va=- 2.6
cms'l.The associatednon-tidal salinityprofile (Fig.
2b),showsa weaksalinitystratificationdownthewater
columnvaryingarounditsmeandepthvalue(Sa=32.5%0).
Inordertoobtainafurtherinsightintothedrivingforces
of thesteady-statecirculationbasedontheexperimental
results(Fig.2),letusconsidertheanalyticalverticalprofile
ofanidealizedunidimensionalwelI-mixedestuary,whichis
given(Officer,1977)by:
V(Z) ==[ gPS)13] (1-9Z2+8Z3) +2.Vf(1-Z2)
48Az 2
+ 1:wxh(1-4Z+3Z2) , (1)
4pAz
wherep::::::103 kg m-3 is the density, g=9.8 m s-1 the
accelcrationdue to gravity,f3::::::7.104the coefficientof
salinecontractionandSxthelongitudinalsalinitygradiente.
Az,Twxandharethekinematieoefficientofeddyviseosity,
thelongitudinalwindstressanddepth,respectively.Vfisthe
veloeitycomponentgeneratedbythefreshwaterdiseharge,
whiehinafirstapproximationisassumedtobeequaltothe
residualvelocity(VC=va=-2.6ems-l).
This theoreticalresuIt (eq. 1) indicatesthat the
non-tidalvelocityprofilein awelI-mixedestuaryhasthree
componentsdrivenbythefolIowingforcingmechanisms:
the baroclinic gradient pressure force due to the
longitudinalsalinitygradient(Sx),thefreshwaterdischarge
(Qc)andthewind stress(Twx).
The eoeffieientsof thepolynomialsinZ ofequation
1, whiehrepresentsthe currentvcIocityat thesurface
(Z =O),mayhavetheirordersof magnitudestimated.
Aecordingto experimentalresultsof the longitudinal
salinityvariationin theCananéiaSea(Miyaoet0/.,1986),
wemayestimateSx=-4.3x10-3%0 m-1.Takingfromthe
literatureAz::::::2xlO-3m2s-l, assuminglow meanwind
speedswithintensitiesof5ms'1,andthemeanvalueforthe
depthas5.8m,it folIowsthat:
(2)
(3)
(4)
These ordersof magnitudeindieatethat the velocity
componentdrivenbythewindstressis onetenthsmalIer
thantheothers.
Usingtheseordersof magnitudewemayestimatethe
non-tidalcurrentprofile for the regionstudied.The
theoreticalprofile,showninFigure3,isindoseagreement
withtheexperimentalresultsplottedcomparativclyin this
figure. Consequently,the observednon-tidalcurrent
profileismainlydrivenbythelongitudinalsalinitygradient
andthefreshwaterdischarge.For thisestuarinesystem,a
similaresulthasalsobeenreportedbyMiranda(1990)on
thebasisofasteadytwo-dimensionalnalyticalmode!.
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Fig. 2. Non-tidalv-velocitycomponent(a) and salinity(b) profilesat stationF on 5-6of
December1991.
(Adaptedtrom Mirandaet ai., 1995).
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Fig. 3. Non-tidalverticalvelocityprofilebasedon the observations(solid line).in
comparisonwiththesimulationbasedona unidimensionalsteadystateanalyticalmodel
foran idealizedwell-mixedestuary(*).
Salttransportcalculations
Theinstantaneousadvectivemasstransportofsaltper
unitwidthof a section,perpendiculartothelongitudinal
flowoftheestuarinechannel,isequalto:
h
Ms=!PVSdz=pvs.h,o
(5)
wherevandSarethelongitudinalvelocitycomponentand
salinity,respectively.The upper bardenoteaveraging
overthe total depthof the watercolumn,h. In the
InternationalSystemofUnits(SI),thesalttransport,Ms,is
giveninkgm-Is-I.
The non-tidalsalttransport(TS), overoneor more
completetidalcyc1es(T), isgivenby,
T
1
J
--
Ts=1' Msdt=p<vsh> Io
(6)
wherethemeandcnsitypwasassumedtobeconstantand
theanglebracketsdenotethetimeaverageovera tidal
cyele.ThetimeintervalT isamultipleintegerof thetidal
period.
If onlyoneofthevariablesofthesecondmemberofthe
equation (6), such as the v-velocitycomponentis
considered,its time-averageof depth-average(residual
current)isformallygivenby,
T h h- 1
J [
1J 1J- .<v>=1' h v(X, z, t) dz] dt=1' vat, (7)o o o
andasimilarequationmaybeappliedforthetime-average
ofthedepth-averageofthesalinity.
Inthecaseofatidalflow,onlyapartofthesalttransport
isdescribedbytheproductofthetidalanddepthaverages
of thev-velocitycomponentand salinity.As hasbeen
shown,variouscorrelationscangenerallybeidentifiedwith
aparticularphysicalprocess(Bowden,1%3;Dyer,1973;
Fischer, 1976;Hunkins, 1981,Kjerfve, 1986).These
correlationsmaybeobtainedbythedecompositionof the
instantaneousvelocityand salinityprofilesinto four
componentsandthewaterdepthintotwocomponents.For
a laterallyhomogeneousestuaryor whenthesaltmass
transport is computedper unit width of a section
perpendiculartothemeanflowattimet,theseprofilcsmay
bewrittenas:
o
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V(X, Z I t) =va(x) +vt (x, t) +vs(x, z)
+v'(x, z, t) I
S (X, ZI t) =Sa(x) +St (X, t) +Ss(X, z) (9)
+s'(X, z, t) ,
whereVa= <~> is calculatedwithequation(7)and
Sa= <s>usingasimilarexpression.
Thesecondandthirdtermsoftheequations(8)and(9)
Vt=Vt(x,t)andVs=vs(x,z)andthecorrespondingtermsof
salinity[St(x,t)andSs(x,z)]havebeenintroducedintothe
decompositionto takeintoaccounthetidal(barotropic)
and the steady-statecomponentsof the gravitational
circulation(baroclinic),respectively,andaredefmedby
Finally,thetermsv'(x,z,t)ands'(x,z,t)of equations(8)
and(9)aretheremainders,whenthevariousaveragesare
subtractedfromtheinstantaneousvelocity(v)andsalinity
(S),
(14)
and
s'=S-Sa-St-ss' (15)
Thesetermsarecalleddeviationcomponents(Hunkins,
1981).
(H) The localdepth,h(x,t)at theanchoredstationvaries
withthetidalheightandmaybe decomposedinto two
components,
(16)
whereha=<h> is the time-averagewaterdepthand
ht(x,t)isthetidalheight.
Byintroducingequations(8),(9)and(16)intoequation
(6), the advectivesalt transport under steady-state
conditionsmaybedecomposcdinto32terms.Byvirtueof
the definitionsmanyof thesetermsvanishor maybe
neglecteduponformingaveragesoverdepthand time
(Bowden,1963;Dyer,1973;Fischer,1976),
- -
<Vt> =Vs =<v'> =v'=O,
andthecrossproductoftheformVaSt,etc.
Disregardingothertermsforwhichthereisnophysical
reasonto expectcorrelationsbetweensteady,tidaland
deviationcomponents,thisleaveseventermsandthetotal
transportof salinity,perunitwidth,duringa tidalcycleis
givenby,
a b c d
e f
(17)
g
The terms(a) to (g), on the right-handsideof the
equation(17), havebeen relatedto certainphysical
processes and the following associated physical
mechanisms(Bowden,1963;Dyer,1973and1978;Fischer,
1976;Hunkins,1981;Kjerfve,1986):freshwaterdischarge
(a), Stokesdrift or progressivetidalwavetransport(b),
topographic trapping (c), gravitationalcirculation,
bathymetrictidalpumpingandsteadywindeffect(d),tidal
shearandunsteadywindeffect(e),andtidedispersionvia
tripplecorrelation(I). The lastterm(g),correspondsto
thenetadvectionofthecrosscorrelationbetweentideand
salt.
Vc=V-Va, (10)
St=s-Sal (11)
Vs=<V>-Vai (12)
Ss=<S>-Sa' (13)
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This methodhasbeenappliedto the studyof the
variationof therelativecontributionof theseindividual
tcrmsofsalttransportosystemswithdifferentdegreesof
saltstratifieation,andthesehavebeenreportedinseveral
studies(Bowden,op.cit.;Dyer,1978;Fischeretai. 1979;
Hunkins,1981,and others).Variationsalongthe Tees
Estuaryin thereiativecontributionof theindividualsalt
transporttermstothenetupstreamtransportofsalt,during
neapandspringtides,havebeenstudiedbyLewis& Lewis
(1983).
Equations(6) and (17) are distinctmathematical
expressionsof thesamephysicalquantity.Comparisonof
theresultsfor thenetsalttransport,computedwiththese
equations,will beusedasa checkon thecomputational
procedureandif thetermsdisregardedare,infact,small.
Resultsand discussion
Numericalintegrationin space(~ce!h)andtimeof
editedrawdatawasusedtoca1culatev, S, <v>, <S>,
andthesteadyvaluesVa,Sa and ha.Usingdefinitions
givenin equations(10)to (13)thevariouscomponents
(tidaI, steadyand the deviationcomponent)of the
instantaneousvaluesof the v-componentandsalinity
(equations8and9)wereobtained.Equation(16)wasused
to computethetidaloseilIationht,superimposedon the
meanwaterdepth, <h>.
The mean value of the along channel velocity
component,Va,is equalto -2.6ems-l.The negativesign
indicatesa netseawardflow andis eonsistentwiththe
expectcdnon-tidalvclocitycomponent,inducedby the
frcshwatcrdischargeintothesystem.Dueto thelackof
knowledgeof thedischargeof theriverswhichemptyinto
the system,this meanvalue will be used as a first
approximationto estimatethis term of the seaward
advectivesalt transport(a). The correspondingmean
salinityvalue,Sa,is equalto32.5%0andthemeanwater
depth(ha)is estimatedat5.8m.Thesemeanresultsare
summarizedinTable1.
Thenumericalresultsofequations(6)and(17)forthe
estimationof the net advectivesalt transportand its
dispersivetermswereca\culatedusinga constantmean
densityvalue(p=103kgm-3).Theadvectiveanddispersive
termsobtainedusingtheseequationsare presentedin
Table2.
The prcdominantcontributionto the salttransport
are terms(a) and(b)withestimatedvaluesof -5.1and
0.8 kg m-1s-\respectively (Table2). Theseterms
representsalt transportduetothefreshwaterdischarge.
Term (a) is the highest and gives a seaward
contribution due to the non-tidalvelocitycomponent
inducedbytheriverdischarge.The landwardterm(b) is
due to the Stokesvelocity,which is associatedwith
a finite-amplitudetidal-wavepropagatingup and
downthetidalchannel.
The terms whichrepresentthetidalcorrelation(c)
andthesteadysheardispersion(d),wereestimatedat-0.10
kgm.1s.1and0.10kgm-1s.1,respectively,andarealmost
oneorderofmagnitudesmallerthantheStokeswavedrift
term(Table2).Beinga negativevalue,thesalttransport
associatedwiththetidalcorrelationterm(c) is directed
seawardanddoesnotdispersesaltintheestuary,actingas
acounter-dispersivetermo
For anidealizcdwell-mixedestuary,maximumsalinity
would be reachedat the endof thefloodtideanda
phasedifferenceof90°wouldbeexpectedbetweenVtand
St, with no net contributionto the salt transport.
Duringthisperiodof observationthesouthernregionof
theCananéiaSeawasaweaklystratified(Type2a)estuary,
forcedbytideswithsemi-diurnalinequalities,witha flood
timeintervalgreaterthanthecorrespondingebb(Miranda
etai.,1995).AIso,itwasobservedthatthesalinitymaxima
lagbehindtheflood currentmaximaand thestrongest
ebbingcurrentsleadthesalinityminima.Theseresults,
associatedwiththetopographicaltrapping,mayexplainthe
occurrence of the counter-dispersion of the tidal
correlationterm(c), for whichthetidalsalinitymustlag
behindthetidalcurrentbyaphaseanglegreaterthan90°
(timelaggreaterthan3h).Thistimelag,requiredtomake
(c) anegativeterm,isconfirmedbycomparingFigures4a
and4b,whichshowthemeantidalvariationof thealong
channelcurrentcomponent(Vt)andthe corresponding
salinityvariation(St),respectively.
Table1. Non-tidalmeanvaluesofthev-component(Va),salinity (Sa)andwaterdepth
(ha),baseeionatwotidalcycle(25h)timeinterval
Va (em 5-J.) 5a (0/00) ha (m)
-2.6 32.5 5.8
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Table2. Salttransportcomponentsbaseeion a twotidalcycle(25hours)timeintervaland
analyticalexpressions
Estimateelvalues.in kg m-1s-1
Figure4a showsthetidalcurrent(Vt)to be almost
sinusoidalandsuperimposcduponaweakresidualcurrent
(Va)whichisdirectedseaward.Thecorrespondingsalinity
variation(St),ShOWDin Figure4b,is asymmetricalbout
thecurrentreversalandoalthoughthereisa largetimelag
( >3h) betweenthesequantities,thestronginfluenceof
the advectivelongitudinalsalttransport,drivenby the
barotropicinfluenceoftidesisclear.Timeintervalsofthe
positive (seaward) and negative(landward) tidal
correlationsalttransporterm(c),duringthemeantidal
period,isalsoShOWDinFigure4b;asdescribedabove,the
associatednetsalttransportis a counter-dispersionterm
(directedupestuary).
Tidalcorrelation,actingasacounter-dispersionterm,
hadbeenprevi.ouslyobservedin the highlystratified
HudsonEstuary(Hunkins,1981),andin astationfarup
theTeesEstuary(Lewis& Lewis,1983)wheretherewasa
veryweaksalinitystratification.
Thesteadyshearterm,duetotheverticalgravitational
accelerationasindicatedbyterm(d),isdirectedlandward
anditsvaluehasbeenestimatedatO.lOkgm-1s'1(thesame
magnitudeasthetidalcorrelationterm,butintheopposite
direction).Thisresultisinagreementwiththeweaksalinity
stratificationof this tidal channel.The profilesof the
nontidalVsandSs,usedto calculatethisterm(Fig.5a,b),
havepredominantlythesamesigodOWDthewatercolumn
andthisclearlyindicatesthedispersivenatureofthistermo
Figure5b showsthewaterdepthintervalswithpositive
(landward)saltfluxduethecorrelationbetweenthetidal
osciUationsinvelocityandsalinity.
In thepartiallymixedestuarytypewithpronounced
gravitationalcirculationlikctheHudsonEstuary,term(d)
isoneofthelargestcontributorstothesaltdispersionand
increasesin magnitudeduring the high-flowperiod
(Hunkins,op.cit).
Theremainingterms(e),(t)and(g)aredispersiveand
marginallysmall(Table 2). Term (e), definedas the
oscillatorydispersionterm,maybegeneratedbyunsteady
windeffectandtidalshear.The saltdispersionterm(t)
correspondsto thetidaldispcrsionviatriplecorrelation;
sinceit isa functionof thetidalamplitudeitssmallvalue
(0.03kgm.1s-1)maybeduetothemoderateamplitudeof
theforcingtidalwave.
Finally,thelastdispersiveterm(g)alsohasasmallvalue
(0.04kgm-1s.l)andcorrespondstothenetadvectionofthe
cross-correlationbetweentideandsalt(Table2).As with
term(f),weshouldexpectasmallvalueforthisterm,since
it isdependentonthetidalamplitude.
a -5.10 pvahaS..
b 0.80 p<htvt>S..
c -0.10 ph.. <v tSt>
d 0.10 ph"v,.ss
e 0.01 ph..<v' s'>
f 0.03 p<vtStht>
9 Oó04 pv,,<Stht>
=a+b+c+d+e+f+g -4.22
Equation 6 -4.70
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Fig. 4. Tidal variationof Vt (a) and St (b), representingmeanvaluesfor two tidal
cycles. Time intervals of positive (Iandward)and negative(seaward) tidal
correlationtransportare shown in the lowerfigure.
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Fig. 5.Nan-tidalprofilesaf Vs (a) and 5s (b). Depthintervalsof positive(Iandward)salt
transport,dueto thegravitationalcirculation,areshownin thelowerfigure.
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As acheckontheuseof equation(17),originallywith
32termsbutsimplifiedto onlyseven,a calculationwas
madeusingequation(6) and the resultingvaluesare
comparedin the lasttwo rowsof Table2. Therewas
agreementbetweenthe calculations within 12 %,
confirmingthat the varioustermsomittedto obtain
equation(17)wereofnegligibleffect.Thisresultindicates
animbalancein thenetadvectivesaltbudgetandduring
thisobservationperiodtheCananéiaSeawastherefore
exportingsalt.It shouldbemadeclearthattbisimbalance
is due not only to the hypothesisthat the channel
investigatedis laterallyhomogeneous,butmainlybecause
thedatasamplingwasundertakeni thesouthemregionof
acomplexbranchingsystem.
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